INTRODUCTION
The 2-dimensional (2D) consecutive-k-out-of-n:F system was introduced by Salvia & Lasher [9] by generalizing the notion of the consecutive-k-out-of-n:F system [7, g] . It consists of a square grid of size n (containing n2 components) and fails if and only if there is at least one square of size k ( 1 < k I n) whose components are all failed. The design of electronic devices, disease diagnosis, and pattern detection are some of the areas where the 2Dansecutive-k-out-of-n: F system applies. Salvia & Lasher [9] gave bounds for the reliability of the 2D system by relating it to certain (1-dimensional) consecutivek-out-of-n:F systems. Their bounds apply only to i.i.d. components.
This paper studies the reliability of a 2D-consecutive-kout-of-n:F system with s-independent but not necessarily sidentical components. , we approximate system reliability by an exponential term, and estimate the error of the approximation. The well known minimal-cut lower bound [4, 61 for scoherent system, is also applied to the system, giving an alternative approximation (from below). Our bounds which are easy to compute, provide good estimates at least for high reliability systems. We show how our results can be effectively used for proving limiting theorems for the distribution of the lifetime of large i.i.d. systems.
All proofs are in the appendix. 
P.
The p k qk qA, q, 4, R refer to the fixed time-interval [OJ].
To simplify the notation, we usually write, eg, qk 6, instead
Other, standard notation is given in "Information for Readers & Authors'' at the rear of each issue.
of qij(t), 4(t). grid of size k ( 1 < k I n) whose components are all failed.
STATEMENT OF RESULTS
It is very difficult (probably impossible) to derive simple explicit formulas for the reliabihty of a general 2D-consecutivek-out-of-n:F system [9] . Hence, the derivation of good approximations of system reliability is valuable. Salvia & Lasher [9] proposed upper & lower bounds for the special case of i.i.d. components, based on the reliability of certain consecutive-kout-of-n:F systems.
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Theorem 1 approximates the system reliability by an exponential term, and estimates the error of the approximation.
Theorem I . Let n L k 2 2; let t be a fixed positive real number.
A slight modification of the error term of theorem 1 gives:
Corollary I. Let n 2 k 2 2; let t be a fxed positive real number.
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Theorem 1 can be used to derive lower & upper bounds of system reliability:
Numerical analysis shows that LB is, in most cases, worse than the one derived from Esary & Proschan [6: page 337, theorem 5.21 : n -k + l n -k + l LBI = n n (l-qAq).
Hence, the most powerful approximation to the reliability of a 2D-consecutive-k-out-of-n:F system, seems to be the inequality:
Since the error term of theorem 1 becomes negligible when q approaches zero, it is apparent that LB (and therefore LBI) and UB provide good approximations to the system reliability whenever the pij are close enough to 1, viz, the components are of excellent quality. Our extensive numerical calculations support this assertion. Table 1 The last column gives an upper bound of the relative error if we estimate the reliability by (LBl +UB)/2. As numerical computations indicate, in the i.i.d. case and for p c i = p 2 0.9, the relative error bound increases with n, and decreases with p and k. Moreover, for k > 3, the relative error 1:mnd is less than for all n. Fork = 2,3 andp = 0.9, the relative error bound does not exceed 1 % for n < 47, 35000 respectively.
The remainder of the paper examines systems with i.i.d. components: q-=q, i = 1,2 ,..., n; j = 1,2 ,... ,n. v All the above results still apply, and since 4 = (n-k+1)2.qk2, qAq = qk2, for i,j=1,2 ,..., n, the bounds take on a slightly more convenient forrti. Using corollary 1 we can easily deduce the following results which refer to large (n-CO) i.i.d. systems. meorem 3. Let T, be the time to failure of a sequence of 2D-consecutive-k-out-of-n:F systems with i.i.d. components whose common failure probability function is of the form:
(a is a positive real number). Then l i~n ( P r { n~' (~~) . T , I t}) = weif(C1.t; a.k2). It follows immediately from corollary 1 or dire1:tly from theorem 2.
Q. E. D.
Proof of Theorem 3
If t,=t.n-2'(ak2) it is evident that: Therefore: n2qk2(tn) = (p.t)".kz + o ( l ) , and the proof is easily completed using corollary 2. Q. E. D. 
